of the α-linked galactose residue; thus the repeating unit of the EPS has the following structure:
activity as tested in a mice model. 15 Recently, the EPS produced by L. plantarum C88 was confirmed to be involved in the antioxidant activity of this strain, since the purified EPS exhibited strong in vitro radical scavenging activity and antioxidant activity against H2O2-induced injury in Caco-2 cells. 16 Here, we report the structural determination of the EPS produced by L. plantarum C88.
MATERIALS AND METHODS
Strain and culture media. L. plantarum C88 obtained from our laboratory collection was maintained at −80 °C in de Man Rogosa Sharpe (MRS) medium plus 20% glycerol. 17 The strain was sub-cultured at least twice in MRS broth and transferred in semi-defined medium (SDM) using 1% (v/v) inoculation prior to experimental use. Da, Spectra/Por® 6, Spectrum, TX, U.S.A.) against water overnight at 4 °C. The dialyzed polysaccharide solution was then lyophilized to obtain the crude EPS (250 mg). A part of the crude EPS material (100 mg) was redissolved in water and subjected to ion exchange chromatography on a DEAE-Cellulose DE52 (Sigma) column (3.5 × 30 cm). Elution was performed with water at a flow rate of 0.5 mL⋅min −1 , and fractions (3.0 mL) were collected and monitored for carbohydrates (phenol/sulfuric acid test: Absorbance at 490 nm). The fractions containing the EPS were pooled, desalted by dialysis against water for 48 h at 4 °C, and lyophilized.
O-deacetylation of the EPS. The EPS (4 mg) was treated with 2 mL of 0.1 M NaOH for 19 h at 25 °C. The resulting solution was neutralized by addition of a cation exchange resin (Dowex 50H + ), stirred for 10 min, filtered and freeze-dried. The product was purified by size exclusion chromatography on a Superdex TM Peptide 10/300 GL (Tricorn TM ) column (GE Healthcare)
eluted with 1% 1-butanol in water at a flow rate of 1 mL⋅min points and an exponential window function (line broadening factor of 3 Hz) were applied prior to Fourier transformation. The 1D diffusion-filtered 1 H NMR spectrum of the native EPS was recorded using the 1D stimulated spin-echo pulse sequence with bipolar gradients and LED (ledbpgp2s1d). 28 Diffusion encoded sinusoidal gradients pulses (δ/2) of 1.5 ms and strength 30%
of the maximum were used, and the diffusion time was set to 100 ms.
RESULTS AND DISCUSSION
The 1 H NMR spectrum of the native EPS of L. plantarum C88 showed a resonance at 2.211 ppm (3H, singlet) that disappeared after treatment with aqueous 0.1 M NaOH, indicating the presence of an O-acetyl group. The monosaccharide components of the EPS, and their absolute configuration, were determined using a methodology previously developed in our laboratory. 19, 29 In this method, the pre-hydrolyzate of the O-deacetylated EPS was subjected to (+)-2-butanolysis and the unassigned NMR data, from both 1D 13 C and 2D multiplicity-edited 1 H, 13 C-HSQC spectra, were used as input information in the 'component analysis' module of the web interface of the CASPER program 30, 31 (Table S1 in (Fig. 1b) and D-Gal (Fig. 1c) . In addition, the anomeric region of 1 H, 13 C-HSQC spectrum of the (+)-2-butyl glycosides of the hydrolyzate of the L. plantarum C88 EPS (Fig. 1d) is a perfect match to the overlay of the 1 H, 13 C-HSQC spectra of D-Glc (gray color in Fig. 1e ) and D-Gal (black color in Fig. 1e) Fig. 2a ) and, according to assignments predicted by CASPER, residues A, C and D were assigned to glucosyl residues whereas residue B and E were assigned to galactosyl residues. This is consistent with the correlation patterns, from the anomeric protons, observed in the 1 H, 1 H-TOCSY spectrum (Fig. 2c) , where protons up to H6 can be traced in residues with the gluco-configuration (A, C and D) and only those up to H4 can be identified in residues B and E (which is typical for hexopyranosyl residues with the galacto-configuration, and attributed to Table 1 , and they were compared to those of the corresponding monosaccharides. 32 The glycosylation shifts 33 (Table 1) .
Furthermore, the structure on the top of the list of Fig. 3 could readily be confirmed as the correct structure using additional 2D NMR spectra, such as 1 H, 13 C-H2BC (Fig. 4 top) Table 1 .
Additional resonances, attributed to a minor component, were also observed in the NMR spectra (denoted with primed characters in Fig. 2 ). In particular, a spin system similar to residue in the component analysis (3 and 1.5 equivalents per repeating unit, respectively).
The 1 H and 13 C NMR spectra of the native EPS ( Fig. 5a and 5b, respectively) revealed a complex material with a single peak in the region for methyl groups of O-acetyl moieties (δH 2.211 and δC 21.58, respectively). The location of the O-acetyl group was determined using the CASPER program. In this regard, the structural information available from the O-deacetylated polysaccharide was submitted as input information to the 'determine structure' module of the program (this is, monosaccharide components, sequence and linkage positions), in addition to 1 H-
13
C correlations from a multiplicity-edited 1 H, 13 C-HSQC spectrum of the native EPS (Fig. 5c-d and Table S6 in the Supporting Information). In the latter, only those cross-peaks of minimum relative intensity of 10% (with respect to the strongest cross-peak) were considered in the peak picking process. The calculation (~3 s) returned a list of ten possible structures (Table S7 in Table 2 ) were carried out in a straightforward manner using the predictions made by CASPER (Table S8 in the Supporting Information) and data from 2D NMR experiments. From comparison of the multiplicity-edited 1 H, 13 C-HSQC spectrum of the native EPS ( Fig. 5c-d) with that of the O-deacetylated EPS (Fig. 2d-e) it is evident that only those correlations from residue B show significant chemical shifts differences that could be attributed to perturbations due to O-acetylation. 34, 35 Since residue B is a 3,4,6-tri-substituted galactosyl residue, the only possible O-acetylation position in this residue is at O2. This was confirmed by 
CONCLUSIONS
These results demonstrate that the CASPER program is not only capable to deduce the structure of a polymer composed of regular monosaccharide components in rapid and efficient manner, but also determine the exact location of the O-acetyl group substituent. Once the NMR data was acquired and processed, the CASPER program was able to deduce the correct structure Chemical shift differences as compared to corresponding monosaccharides are given in parentheses. Table S4 in the Supporting Information. 
